Crop ProbucTiON

]

Table 7. Percent weed cover 6 and 8 weeks after kill (WAK) in Columbus, and 3 and 7 WAK in Fremont,

Ohio, 1992.
Weed cover (%)
Columbus Fremont

Crop Weeks after kill

mixture 6 8 5 7

Weedy control 60 85 61 92
1 11 16 23 54
2 1 3 18 33
3 6 34 18 64
4 1 4 5 39
5 3 19 5 21
1L 15 48 13 12
2L 3 6 4 26
3L 3 23 7 27
4L 0 1 3 15
5L 1 7 5 19
6 N/AZ N/A 46 89
7 N/A N/A 55 20
8 1 4 4 19
9 66 91 36 68
10 N/A N/A 53 54
11 N/A N/A 6 38
12 31 60 31 65
13 6 30 11 27
Lsp (0.05) 10 21 15 34
Contrast NS NS * *

“N/A = not applicable, as >50% of these mixtures did not kiil.
- "Significant at P < 0.05 between early and late planted mixtures.

there was a correlation between AGBor C: N,
and weed cover. The 7 values were low, and
were <0.50 for both weed sampling dates at
both locations.

Conclusions

Although many of the mixtures did well in
1991-92 based on the criteria used for evalu-
ation, at least one or more species in each
mixture was not particularly suited to this type
of production system. ‘Nitro’ alfalfa, ladino
clover, subterranean clover, Austrian winter
peas, and annual ryegrass did not overwinter
dependably at both locations and would not be
good choices for this region. Some of the
species, including tall fescue, perennial
ryegrass, and orchardgrass, did not compete
well with taller, more vigorous species. Sev-
eral of the species tested were notkilled by the
mechanical undercutter, including medium and
mammoth red clover, both ryegrasses, and
both sweetclovers. The seed of bigflower vetch
is expensive and not readily available and, as
it did not produce as much biomass as hairy
vetch, it would not be the best choice for use.
The species remaining (hairy vetch, barley,
rye, and crimson clover) were all fairly com-
petitive, produced adequate biomass when
grown in a mixture, overwintered well, estab-
lished quickly, and were easily killed. In addi-
tion, in other studies, all of these species have
been shown to be allelopathic to some weeds
(Barnes et al., 1987; Bradow and Connick,
1990; Overland, 1966; White et al., 1989).

A mixture of these four species was used in
a subsequent study and managed as a mulch
for transplanted processing tomatoes (Lyco-

persicon esculentum Mill). The mixture cov-
ered the soil surface quickly, produced large
amounts of biomass (9567 and 14,287 kg-ha'!
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AGB in Columbus and Fremont, respectively),
contained ample N inthe AGB (218 kg-ha in
Columbus, and 363 kg-ha~' in Fremont), had a
C: Nratio of 22:1, killed easily by mechanical
means, and suppressed weeds as well as herbi-
cides did (Creamer et al., 1996).
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Abstract. Orchard floor treatinents of total weed control with herbicides, disking, mowing,
grass control only with herbicides, and no control of vegetation were maintained in a 3 x
3-m area underneath young pecan [Carya illinoinensis (Wangehn.) K. Koch] trees. Soil
compaction in treated areas was compared to heavily trafficked row middles. Mean cone
index (CI) readings obtained from a cone penetrometer for the heavily trafficked areas
were higher, indicating greater compaction than all other treatments in the4.7-t011.8-cm
soil depth range. Heavily trafficked areas had severe compaction (>2.0 MPa) at the 9.5-
10 22.9-cm soil depths, Mowed plots had similar CI readings at 14.2- to 54.3-cm depth as
those heavily trafficked. The mowed areas had severe compaction at the 14.2- to 22.9-cm
depth range. Grass control only with herbicides and plots with no control of vegetation had
Yow CI throughout the soil profile. Disking, grass control, and no control treatments had
similar effects, except at the 4.7-cm depth, where disking reduced compaction. An orchard
floor management practice that minimized traffic near young trees, but also reduced weed

competition, appears to be the best choice.

Pecan production is highly mechanized,
with heavy equipment weighing as much as
10,000 kg passing over an orchard 15 to 30
times annually (Wood and White, 1986). This
heavy traffic causes soil compaction, which is
detrimental to pecan production (Trouse,
1978). However, there has been limited re-
search to document the degree of soil compac-
tion. Trouse (1978) reported that surface soils
inamature pecan orchard had a bulk density of
1.72 g-cm™ and that root development was
restricted. Wood and White {1986) found that
aonetime disking in a mature orchard resulted
ina35% increase in cumulative yield for the 4
years following the disking.

Compacted soils reduced root growth and
development of landscape trees (Alberty etal..,
1984). Compaction decreases water and nutri-
entinfiliration, reduces root growth, decreases
water and nutrient uptake, and can decrease
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soil oxygen levels (Unger and Kaspar, 1994).

The purpose of this study was to determine
the degree of soil compaction 9 years after
establishment of pecan trees subjected to a
variety of orchard floor management prac-
tices.

Materials and Methods

Barercot ‘Desirable’ pecan trees were
planted in February 1986 on a 9.1 X 10.7-m
spacing and were not irrigated. The experi-
ment was conducted at the Gulf Coast Substa-
tion at Fairhope in southwest Alabama on a
Malbis fine sandy loam (fine loamy siliceous,
thermic Plinthic Paleudults). Treatments were
arranged in a randomized complete-block de-
sign with four single-tree replications. There
were five treatments applied underneath the
trees in a 3 X 3-m area: 1) total weed control
with herbicides (TWC), 2) disking once
monthly (disking), 3) mowing twice permonth
(mowing), 4) grass control only with selective
herbicides (GCO), and 5) no control of vegeta-
tion (NC). A sixth treatment was the heavily
trafficked (HT) row middles where vegetation
was not controlled.

Lime and fertilizer were applied and incor-
porated before planting, based on soil analy-
sis. Postplant fertilizer and lime applications
were uniformly spread on all plots based on
composite leaf and soil samples taken in July
to determine the amount to be applied the
following season, as based on established rec-
ommendations (O’ Barretal., 1989). The plots
received an annual application based on these
results.

Mowing and disking were performed dur-
ing the growing season on a 2- and 4-week
schedule, respectively. The TWC and the GCO
plots were sprayed with labeled rates of herbi-
cides specific for each during the nine growing
seasons (Tables 1 and 2). All herbicides were
applied with a tractor-mounted boom-type
sprayer using compressed air (220 kPa) as the
propellant, delivering a carrier volume of 140
L-ha™. All weed control treatments were ini-
tially confined to a 3 X 3-m area around the
trees. In the seventh growing season, they were
expanded to a 4 X 4-m area due to tree growth,

At the beginning of the 10th growing sea-

Table 1. Herbicide (active ingredient) treatmenis for 10tal weed control (TWC) plots.

Season no. Rate
and month Herbicide {kg-ha)
Growing season 1
March Postemergence—paraquat 0.6
Preemergence—oryzalin 2.2
June Postemergence—glyphosate 34
September Postemergence-—paraquat 0.6
Preemergence—norflurazon 2.7
Growing season 2
April Preemergence—simazine 2.8
Preemergence—oryzalin 2.2
June Postemergence—glyphosate 3.4
September Postemergence—paraquat 1.4
Preemergence—norflurazon 34
Growing seasons 3-9
April (season 3) Preemergence—oryzalin 22
April (season 4) Preemergence—simazine 22
April (season 5) Postemergence—paraquat 1.1
April (seasons 6-9) Preemergence—diuron 3.4
May Postemergence—glyphosate 2.2
July Postemergence—paraguat 1.1
September Preemergence—norflurazon 34
Postemergence—paraquat 0.7

‘Chemical names of herbicides: paraquat (1,1"-Dimethyl-4,4 -bipyridinium ion), oryzalin (4-
[dipropylamino]3,5-dinitrobenzenesulfonamide), glyphosate {N-(phosphonomethyl)glycine). norflurazon
(4—chluro—SA(melhylamino)fZ—(?sf(triﬂuororne[hyl}phenyl)-3(2H)pyridazinone), simazine (6-chloro-N.N"-
diethyl,1.3.5-triazine-2.4-diamine). diruon (N°-(3.4-dichlorophenyl)-N N-dimethylurea).
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son, a soil cone penetrometer (ASAE, 1991)
with a base area of 323 mm®, mountegd on a
John Deere 2955 tractor, was used to deter-
mine the penetrationresistance of the soil (Fig.
1). According to ASAE (1991), cone index
(CI) is defined as the force per unit area re-
quired to push the penetrometer through a
specified, very small, increment of soil. CI
values were then calculated for each depth for
which a measure of force was obtained. At
each plot, midway between the trunk and the
edge of the 3 x 3-m square, one penetration
was made with the three-probed unit. The HT
row middles were measured adjacent to each
plot for comparison (Fig. 2). CI data were
analyzed at selected depths from 1.2 to 68.6
c¢m. Treatments were compared at the various
selected depths with a least significant differ-
ence (LsD) test. Soil moisture samples were
taken from each treatment at depths of O to
15.2¢cmand 15.2 to 30.5 cm.

The entire data set was analyzed with the
GLM procedure (SAS Institute, 1990) as a
randomized complete-block design. Selected
single-degree-of-freedom contrasts were com-
pleted along with LsD.

Results and Discussion

The TWC plots contained less moisture in
the 0- to 15.2-cm depth than all other plots,
except HT (Fig. 3). The HT area was lower in
moistere than the disked area, possibly, at
least partially, because the plots received 64
mm of rain within 24 h before measuring.
Also, a weed-free surface on the soil would
allow this large amount of rain to run off
before infiltration could occur. In the 15.2- to
30.5-cm depth zone, the percentage of mois-
ture readings were similar for all plots and
ranged from 11.5 to 13.0.

CIs at the 4.7-, 7.1-, 9.5-, and 11.8-cm
depths for the soil in the HT row middles were
higher than they were for any of the treatments
applied under the trees, indicating more com-
paction (Table 3). Atthe 9.5-cmdepth, the HT
area had a CI>2.0 MPa, a level of compaction
considered to impede the growth of cotton
(Gossypium hirsutum L.) roots (Taylor and
Gardner, 1963); these Cls remained >2.0 MPa
down to the 22.9-cm depth (Table 3).

The mowing treatment and the HT row
middles were similar in that the same grasses
were present and both areas were mowed. The
row middles, however, had much more traffic,
as this was where spray and other equipment
normally moved. Some differences in com-
paction between the mowing treatment and
the HT row middles were ocbserved. The CI for
HT was higher than that for the mowing treat-
ment at the 2.4- to 11.8-cm depths (Table 3).
Both the mowed plots and the HT row middles
had CIs >2.0 MPa in the 14.2- to 22.9-cm
depth range.

The GCO and the NC treatments were
similar atall depths analyzed. Therefore, these
were pooled into a “cover group” treatment.
The cover group treatment generally had lower
Cls than any other treatment throughout the
soil profile. The cover group treatment only
exceeded the 2.0 MPaCl at the 22.9- and 68.6-
cm depths. Results for disking were very simi-
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Table 2. Herbicide (active ingredient) treatments on grass control only (GCO) plots.

Season no. Rate
and month Herbicide* (kg-ha
Growing seasons 1-4
April Preemergence—oryzalin 22
Postemergence—fluazifop-P-butyl 0.22
July Postemergence—fluazifop-P-butyl 0.22
Growing seasons 5-9
April Preemergence—oryzalin 22
Postemergence—sethoxydim 0.28
July Postemergence—sethoxydim 0.28

“Chemicat names of herbicides: oryzatin (4-[dipropyulamino]3,5-dinitrobenzenesulfonamide), fluazifop-
P-butyl (butyl(R)-2[4-[[5-(trifluoromethy])-2 pyridinyl]oxy]phenoxy]propanoate), sethoxydim (2-[i-
(ethoxyimino)butyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-cyclohexen- 1-one).

Fig. 1. Soil cone penetrometer (ASAE, 1991) monnted on a John Deere 2955 tractor.

Adjacent tree

i

\Heavﬂy-trafﬁcked area—_,

_

Sampling sites

ik

Fig. 2. Diagram of treatments in relation to heavily trafficked row middle and placement of soil cone

penetrometer within each plot.

lar to those for the cover group and CI only
differed at the 4.7-cm depth, which is within
the operating depth of the disk.

The TWC treatment had higher Cls than a::
others in the 45.7- to 61.0-cm depth rang:
(Table 3). No differences existed among trez.
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Sampled tree

16

% Moistue

Percent Moisture (0 - 15.2 cm)

Treatment

Fig. 3. Percent soil moisture in shallow root zones subject to various orchard floor management pracrices.
Mean separation by Lsp < 0.05; each bar is the mean of four plots plus standard errors.

ments at the 68.6-cm depth. At the 61-cm
depth, HT had higher CI values than the cover
group or the mowing treatments (Table 3).

Most lateral pecantoots in the southeastern
United States on sandy soils are within the top
60cm of soil (Woodroof and Woodroof, 1934).
Therefore, any compaction in this zone would
likely reduce root functions. The HT areas
were compacted significantly down to a soil
depth of =23 cm. This type of compaction has
been shown 1o decrease yields in many plants
by reducing water infiltration and aeration
(Unger and Kaspar, 1994).

Wood and White (1986) showed that in a
mature, heavily trafficked pecan orchard, a
single disking could temporarily improve the
yields. Disking the heavily trafficked areas we
measured might alleviate the shallow com-

pacted zone, down to a depth of 15 ¢cm, and
increase yields. However, repeated disking
could cause formation of hardpans beneath
the disking depth. This phenomenon has been
well documented in row crops systems and
can severely reduce growth of plants (Unger
and Kaspar, 1994). Compaction was not in-
creased below the disking depth in this study,
despite disking atmonthly intervals for 9 years
during the growing season.

Mowing, which is a common practice in
pecan orchards in the Southeast, did increase
soil compaction at the 14.2- and 15.2-cm
depths when compared to TWC (Table 3).
The values measured in the mowing treatment
were >2 MPa limit, which has been estab-
lished as detrimental for crop growth (Taylor
and Gardner, 1963).

There can be a dramatic increase in the
growth and yields from the trees in the TWC
treatments as compared to those in other treat-
ments (Patterson et al., 1994). Interestingly,
the CI values for TWC were less than the 2
MPa limit from 1.2 to 45.7 ¢m deep. Within
this range, much root activity occurs. Plots of
this treatment were sprayed with a herbicide
sprayer, where the boom extended over the
treatment area, but the weight of the equip-
ment was outside the 3 x 3-m square, thereby
reducing traffic. In contrast, mowing and
disking involved traffic moving over the treated
areas. The cover group (GCO and NC) treat-
ments also had low traffic tn the area near the
trees, keeping compaction slight, but those
trees grew and yielded much less than those in
the TWC plots (unpublished data), likely due
to weed competition. We hypothesize that
total elimination of weed competition in young
pecan trees will improve growth. This hypoth-
esis is supported in yet another study where
young pecan trees were mulched, had no traf-
fic near trees, and grew better than those
treatments with weed competition (Foshee et
al., 1996).
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Table 3. Effects of orchard floor management on cone indices (CIs) in rooting zone of young pecan trees at Gulf Coast Substation, Fairhope, Ala.

CI (MPa)

Depth (cm)*

Treatment 1.2 2.4 4.7 7.1 9.5 11.8 14.2 15.2 229 30.5 45.7 543 61.0 686
H:T 017 044a 128a 186a 206a 2.14a 220a 225a 2.10 .77 1.27b 1.68b 2.18b 270
Disking 0.10 019b 034d 067¢ 105¢ 1.39¢ 1.74a< 195ab 194 1.78  1.00b 152b 1.77bc 234
Cover group’ 011 027ab 0.56¢ 076c¢ 10lc 1.33¢c 1.68 bc 1.78ab  2.18 1.66 099b 131b 1.65¢ 2.18
Mowing 008 024b 068c 1.07b 1.32b 1.73b 216ab 228a 2.29 1.69 1.03b 132b 1.62¢ 203
Tatal weed control 010 0.35ab 091b 1.2'b 142b 1.60bc 1.63c¢c 1.63b 1.79 .57 1.79a 229a 2.65a 282
Analysis of variance

Treatment 0.0001

Depth 0.0001

Treatment x depth 0.0001
By depth

Treatment 0.5622 0.0171 0.0001 0.0001 0.0001 0.0001 0.0197 00384 09097 0.9944 0.0016 0.0010 0.0004 0.0552

] - . .
Mean Separation within each column by Lsp at P < 0.05.

Means for GCO and NC treatments.
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